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DESCRIPTION 
TELESCOPIC SHAFT FOR VEHICLE STEERING 

5 

TECHNICAL FIELD 

The present invention relates to a telescopic 
(extensible/retractable) shaft for a vehicle steering, 
assembled in a steering shaft of a vehicle and 
10 constructed by fitting a male shaft and a female 

shaft to each other so as to be unable to rotate but 
to be slidable. 

BACKGROUND ART 

15 What is required of a telescopic shaft of a 

steering mechanism unit of an automobile is 
performance of absorbing an axis -directional 
displacement occurred when the automobile travels, 
and not transferring the displacement and vibrations 

20 onto a steering wheel. Further, another requirement 
is a function of shifting a position of the steering 
wheel in an axis-direction and adjusting this 
position in order for a driver to obtain a position 
optimal to driving a car. 

25 In all these cases, the telescopic shaft is 

required to reduce backlash or rattling noises, a 
feeling of the backlash on the steering wheel and 
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slide resistance occurred when performing a sliding 
operation in the axis-direction. 

Such being the case, a conventional contrivance 
is that metallic noises, metal butting noises, etc 
5 are absorbed or reduced by coating a male shaft of 
the telescopic shaft with a nylon film and applying 
grease over a slide portion, and the slide resistance 
and the backlash in a rotating direction are thus 
reduced . 

10 There is, however, a case where abrasion of the 

nylon film progresses in the course of its being used, 
and the backlash in the rotating direction increases . 
Further, under such a condition as to be exposed to a 
high temperature in an engine room, the nylon film 

15 suffers a volumetric change with the result that the 
slide resistance conspicuously rises and the abrasion 
is highly accelerated, wherein the backlash in the 
rotating direction increases. 

Under such circumstances, according to 

20 telescopic shafts disclosed in German Patent 

Publication DE3730393C2, Japanese Patent Application 
Laid-Open No . 200 1 - 5029 3 and Japanese Patent 
Application Laid-Open No . 2001 - 193738 , a rolling 
member and an preload elastic member for preloading a 

25 male shaft and a female shaft, are interposed between 
an outer peripheral surface of the male shaft and an 
inner peripheral surface of the female shaft. With 



this configuration, when sliding, the elastic member 
preloads the rolling member against the female shaft 
etc to such an extent as not to cause the backlash, 
whereby the backlash between the male shaft and the 
female shaft can be prevented. Further, when 
transferring the torque, the elastic member can 
restrict the rolling member in a peripheral direction, 
and the male shaft and the female shaft can prevent 
their backlashes in the rotating direction thereof. 

According to all these Patent documents, however, 
the elastic member for preloading the rolling member 
and a race portion abutting on the rolling member are 
made from different materials and take different 
shapes for their usage. 

The reason why so is that the race portion 
abutting on the rolling member must bear a high 
contact surface pressure. This implies that the 
torque must be transferred via the rolling member, 
and hence the race portion abutting on the rolling 
member is required to be a hard and rigid member. By 
contrast, the elastic member for generating a biasing 
force, it is required to be made from a flexible 
material as in the case of a spring. 

From these points described above, according to 
the Patent document, i.e., German Patent Publication 
DE3730393C2, the race portion abutting on the rolling 
member involves using a different material and a 



different shape, and, as a result, it follows that a 
rise in manufacturing cost is brought about. 

Moreover, German Patent Publication DE3730393C2 
exemplifies an example of a plate spring, wherein the 
race portion and the elastic member are made from a 
single material. However, the plate springs are 
connected via a web, so that the configuration 
becomes complicated, resulting in a rise in 
assembling cost. Further, as described above, for 
transferring the torque through the rolling member, 
the plate spring has a difficulty in terms of 
utilization to make it compatible to bear the contact 
surface pressure of the rolling member and to give 
the basing force. 

Furthermore, Japanese Patent Application Laid- 
Open No. 2001-193738 exemplifies an example, wherein 
the elastic member and the race portion are 
integrally formed. As in the case described above, 
however, for transferring the torque via the rolling 
member, the plate spring has the difficulty in terms 
of utilization to make it compatible to bear the 
contact surface pressure of the rolling member and to 
give the biasing force. 

DISCLOSURE OF THE INVENTION 

It is an object of the present invention, which 
was devised in view of the circumstances described 
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above, to provide a telescopic shaft for a vehicle 
steering that is capable of actualizing a stable 
slide load and transferring a torque in a high- 
rigidity state . 
5 To accomplish the above object, according to the 

present invention, a telescopic shaft for a vehicle 
steering, assembled in a steering shaft of a vehicle 
and constructed by fitting a male shaft and a female 
shaft to each other so as to be unable to rotate but 

10 to be slidable, the telescopic shaft comprising: 

a first torque transferring member interposed 
via an elastic member between one line of axis- 
directional groove and one line of axis -direct ional 
groove formed respectively on an outer peripheral 

15 surface of the male shaft and on an inner peripheral 
surface of the female shaft; and 

a second torque transferring member interposed 
between another line of axis -directional groove and 
another line of axis-directional groove formed 

20 respectively on the outer peripheral surface of the 

male shaft and on the inner peripheral surface of the 
female shaft , 

the elastic member including: 

a transferring member sided contact portion 
25 abutting on the first torque transferring member; 

a groove sided contact portion spaced away at an 
predetermined interval substantially in a peripheral 
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direction from the transferring member sided contact 
portion and abutting on a groove surface of the axis- 
directional groove of the male shaft or the female 
shaft; and 

5 a biasing portion elastically biasing the 

transferring member sided contact portion and the 
groove sided contact portion in such a direction as 
to separate from each other, 

wherein a rigidity of the transferring member 
10 sided contact portion is differentiated from a 
rigidity of the groove sided contact portion. 

Further, in the telescopic shaft for the vehicle 
steering according to the present invention, it is 
preferable that the first torque transferring member 
15 is a rolling member rolling when both of the male 

shaft and the female shaft make relative movements in 
the axis-direction, and 

the second torque transferring member is a 
slide member sliding when both of the male shaft and 
20 the female shaft make the relative movements in the 
axis -direction . 

Moreover, in the telescopic shaft for the 
vehicle steering according to the present invention, 
the biasing portion of the elastic member can take a 
25 bent shape bent between the transferring member sided 
contact portion and the groove surface sided contact 
portion . 
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Further, in the telescopic shaft for the 
vehicle steering according to the present invention, 
the elastic member can be constructed of an integral 
molding product made from thin plate spring steel. 
5 Still further, in the telescopic shaft for the 

vehicle steering according to present invention, 
surface hardness of the transferring member sided 
contact portion can be set higher than surface 
hardness of a portion extending from the groove 

10 surface sided contact portion to the biasing portion. 

Yet further, in the telescopic shaft for a 
vehicle steering according to the present invention, 
the biasing portion can be formed with holes for 
reducing a biasing force. 

15 Moreover, in the telescopic shaft for the 

vehicle steering according to the present invention, 
a plate thickness of the transferring member sided 
contact portion can be set thicker than a plate 
thickness of a portion extending from the groove 

20 surface sided contact portion to the biasing portion. 

Still moreover, in the telescopic shaft for the 
vehicle steering according to the present invention, 
the transferring member sided contact portion can be 
formed substantially in a circular arch shape. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side view of a steering mechanism 
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unit of an automobile, to which a telescopic shaft 
for a vehicle steering according to an embodiment of 
the present invention is applied; 

FIG. 2 is a vertical sectional view of the 
5 telescopic shaft for the vehicle steering according 
to a first embodiment of the present invention; 

FIG. 3 is a cross sectional view taken along the 
line X-X in FIG. 2. 

FIG. 4A is a perspective view of a plate spring 

10 according to the first embodiment; FIG. 4B is a 

perspective view of the plate spring according to a 
first modified example of the first embodiment; FIG. 
4C is a perspective view of the plate spring 
according to a second modified example of the first 

15 embodiment ; 

FIG. 5 is a cross sectional view taken along the 
line X-X in FIG. 2, showing the telescopic shaft for 
the vehicle steering according to a second embodiment 
of the present invention; 

20 FIG. 6A is a perspective view of the plate 

spring according to the second embodiment; FIG. 6B is 
a perspective view of the plate spring according to a 
first modified example of the second embodiment; FIG. 
6C is a perspective view of the plate spring 

25 according to a second modified example of the second 
embodiment ; 

FIG. 7 is a cross sectional view taken along the 
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line X-X in FIG. 2, showing the telescopic shaft for 
the vehicle steering according to a third embodiment 
of the present invention; 

FIG. 8A is a perspective view of the plate 
5 spring according to the third embodiment; FIG. 8B is 
a perspective view of the plate spring according to a 
first modified example of the third embodiment; FIG. 
8C is a perspective view of the plate spring 
according to a second modified example of the third 

10 embodiment ; 

FIG. 9 is a cross sectional view taken along the 
line X-X in FIG. 2, showing the telescopic shaft for 
the vehicle steering according to a fourth embodiment 
of the present invention; and 

15 FIG. 10A is a perspective view of the plate 

spring according to the fourth embodiment; FIG. 10B 
is a perspective view of the plate spring according 
to a first modified example of the fourth embodiment; 
FIG. 10C is a perspective view of the plate spring 

20 according to a second modified example of the fourth 
embodiment . 

EMBODIMENTS OF THE INVENTION 

A telescopic (extensible/retractable) shaft for 
25 a vehicle steering according to embodiments of the 

present invention will hereinafter be described with 
reference to the drawings. 
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(Whole Construction of Steering Shaft for 
Vehicle ) 

FIG. 1 is a side view of a steering mechanism 
unit of an automobile, to which the telescopic shaft 
5 for the vehicle steering according to the embodiment 
of the present invention is applied. 

Referring to FIG. 1, the steering mechanism unit 
is constructed of an upper steering shaft portion 120 
fitted via an upper bracket 101 and a lower bracket 

10 102 to a vehicle body sided member 100 and including 
a steering column 103 and a steering shaft 104 
rotatably held in the steering column 103, a steering 
wheel 105 fitted to an upper side end of the steering 
shaft 104, a lower steering shaft portion 107 

15 connected via a universal joint 106 to a lower side 
end of the steering shaft 104, a pinion shaft 109 
connected via a steering shaft coupling 108 to the 
lower steering shaft portion 107, a steering rack 
shaft 112 connected to the pinion shaft 109, and a 

20 steering rack support member 113 fixed via an elastic 
body 111 to another frame 110 of the vehicle body in 
a way that supports the steering rack shaft 112. 

Herein, the upper steering shaft portion 120 and 
the lower steering shaft portion 107 involve using 

25 the telescopic shaft for the vehicle steering (which 
will hereinafter simply be termed the telescopic 
shaft) according to the embodiment of the present 
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invention. The lower steering shaft portion 107 is 
constructed by fitting a male shaft to a female shaft, 
and this type of lower steering shaft portion 107 is 
requested to have performance of absorbing 
5 displacement in an axial direction that occurs when 
the automobile travels and of not transmitting the 
displacement and vibrations onto the steering wheel 
105. This type of performance is requested in the 
case of taking such a structure that the vehicle body 

10 adopts a sub-frame structure, wherein a member 100 

for fixing an upper portion of the steering mechanism 
is separate from a frame 110 to which the steering 
rack support member 113 is fixed, and the steering 
rack support member 113 is fixedly fastened to the 

15 frame 110 via the elastic body 111 such as a rubber. 
Further, another case is that an operator, when 
fastening the steering shaft coupling 108 to the 
pinion shaft 109, temporarily contracts the 
telescopic shaft and fits and fastens the coupling 

20 108 to the pinion shaft 109, and therefore a 

telescopic (extensible/retractable) function is 
needed. Moreover, the upper steering shaft portion 
120 provided on the upper portion of the steering 
mechanism is constructed by fitting a male shaft to 

25 the female shaft. This type of upper steering shaft 
portion 120 is, however, required to have a function 
of shifting a position of the steering wheel 105 in 
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the axial direction in order to obtain a position 
optimal for a driver to drive the car and adjusting 
this position, and is therefore requested to have a 
function of extending and retracting in the axial 
5 direction. In all the cases described above, what is 
requested of the telescopic shaft is to reduce 
backlash noises at the fitting portion, a feeling of 
backlash on the steering wheel 105 and slide 
resistance caused when sliding in the axial direction. 

10 (First Embodiment) 

FIG. 2 is a vertical sectional view of the 
telescopic shaft for the vehicle steering according 
to a first embodiment of the present invention. 

FIG. 3 is a cross sectional view taken along the 

15 line X-X in FIG. 2. 

FIG. 4A is a perspective view of a plate spring 
according to the first embodiment. FIG. 4B is a 
perspective view of the plate spring according to a 
first modified example of the first embodiment. FIG. 

20 4C is a perspective view of the plate spring 

according to a second modified example of the first 
embodiment . 

As shown in FIG. 2, the telescopic shaft for the 
vehicle steering (which will hereinafter be simply 
25 referred to as the telescopic shaft) is constructed 
of a male shaft 1 and a female shaft 2 that are so 
fitted to each other as to be unable to rotate but to 
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be slidable. 

As shown in FIG. 3, three lines of axis- 
directional grooves 3 disposed equally at an interval 
(phase) of 120 degrees in a peripheral direction, are 
5 formed in a way that extends along an outer 

peripheral surface of the male shaft 1. Corresponding 
to these grooves, three lines of axis-directional 
grooves 5 disposed equally at an interval (phase) of 
120 degrees in the peripheral direction, are also 

10 formed in a way that extends along an inner 
peripheral surface of the female shaft 2. 

Between the axis -directional grooves 3 of the 
male shaft 1 and the axis-directional grooves 5 of 
the female shaft 2, plural rolling members or balls 

15 defined as rigid spherical members 7 rolling when 

relatively moving in the axis-directions of the two 
shafts 1, 2 are interposed to be able to roll. The 
axis -directional groove 5 of the female shaft 2 takes 
a circular-arc shape or Gothic arch shape in section. 

20 The axis-directional groove 3 of the male shaft 

1 is configured by a pair of flat side surfaces 3a 
showing line symmetry with respect to the diameter 
and inclined, and by a bottom surface 3b formed flat 
between the pair of flat side surfaces 3a. 

25 A plate spring 9 abutting on the spherical 

member 7 and thus giving a preload thereto is 
interposed between the axis -directional groove 3 of 
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the male shaft 1 and the spherical member 7. 

This plate spring 9 integrally has spherical 
member sided contact portions 9a abutting at two 
points on the spherical member 7, groove surface 
5 sided contact portions 9b spaced away at a 
predetermined interval substantially in the 
peripheral direction from the respective spherical 
member sided contact portions 9a and abutting on the 
respective flat side surfaces 3a of the axis- 

10 directional groove 3 of the male shaft 1, biasing 
portions 9c each connecting the spherical member 
sided contact portion 9a and the groove surface sided 
contact portion 9b on the side of an outer diameter 
and elastically biasing the spherical member sided 

15 contact portion 9a and the groove surface sided 

contact portion 9b in a direction of separating the 
portions 9a f 9b away from each other, and a bottom 
portion 9d taking a face-to-face relationship with 
the bottom surface 3b of the axis-directional groove 

20 3 on the side of an inner diameter. 

This biasing portion 9c takes substantially a U- 
shape, wherein its bottom portion is bent 
substantially in a circular arc shape. This biasing 
portion 9c taking the bent shape can elastically bias 

25 the spherical member sided contact portion 9a and the 
groove surface sided contact portion 9b so as to be 
separated away from each other. 
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Thus, according to the first embodiment, the 
plate spring 9 integrally has the contact portions 9a 
abutting on the spherical member 7 and the biasing 
portions 9c generating the preload, and hence it is 
5 essential to control the preload so as not to 

increase too much a contact surface pressure of the 
contact portion 9a upon the spherical member 7. 
Therefore, according to the first embodiment, the 
plate spring 9 is set to have such a structure that 

10 the preload (i.e., a load generated by the biasing 

portion 9c when relatively rotating the male shaft 1 
around inside the female shaft 2) generated by the 
biasing portion 9c does not exceed an allowable value 
of the surface pressure caused by the contact portion 

15 9a upon the spherical member 7. 

As illustrated in FIG. 3, three lines of axis- 
directional grooves 4 disposed equally at an interval 
(phase) of 120 degrees in the peripheral direction, 
are formed in a way that extends on the outer 

20 peripheral surface of the male shaft 1. Corresponding 
to these grooves, three lines of axis-directional 
grooves 6 disposed equally at an interval (phase) of 
120 degrees in the peripheral direction, are also 
formed in a way that extends on the inner peripheral 

25 surface of the female shaft 2, 

Between the axis - directional grooves 4 of the 
male shaft 1 and the axis -directional grooves 6 of 



< ,1 

16 

the female shaft 2 corresponding thereto, plural 
pieces of cylindrical rigid members 8 (which are also 
termed slide members or needle rollers in the present 
specification) sliding when the two shafts 1, 2 move 
5 relatively in the axis -direction , are interposed with 
a minute gap. These axis -directional grooves 4, 6 
each takes a circular-arc shape or Gothic arch shape 
in section. 

As shown in FIG. 2, an end portion of the male 

10 shaft 1 is formed with a small-diameter portion la. 
This small-diameter portion la is provided with a 
stopper plate 10 regulating an axis-directional 
movement of the needle roller 8 . This stopper plate 
10 is constructed of an axis - directional preloading 

15 elastic member 11 consisting of a Belleville spring 
and a pair of flat plates 12, 13 for holding the 
axis -directional preloading elastic member 11 
therebetween . 

In the first embodiment, the stopper plate 10 is 

20 firmly fixed by plastically deforming by clinching or 
caulking to the small- diameter portion la in a way 
that fits the flat plate 13, the axis-directional 
preloading elastic member 11 and the flat plate 12 in 
this sequence to the small-diameter portion la. In 

25 this way, the stopper plate 10 is fixed in the axis- 
direction. It should be noted that a fixing method 
of the stopper plate 10 is not limited to plastically 
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deforming by clinching or caulking and may involve 
employing means such as a stopper ring, a screwing 
means and a push nut. Further, the stopper plate 10 
is so constructed as to be capable of preloading the 
5 needle roller 8 not to move in the axis - direct ion by 
the axis-directional preloading elastic member 11 
(Belleville spring) in a way that butting the flat 
plate 13 against the needle roller 8. 

Further, according to the first embodiment, six 

10 pieces of protruded portions 14 each taking 

substantially a circular arc shape and formed 
coaxially in the axis-direction with the six lines of 
axis -directional grooves 3, 4 on the outer peripheral 
surface of the male shaft 1, are fitted with gaps in 

15 the radial direction into the six lines of axis- 
directional grooves 5, 6 of the female shaft 2. 

Accordingly, if the spherical member 7 or the 
cylindrical member 8 comes off the male shaft 1 or is 
damaged due to any cause, the protruded portions 14 

20 of the male shaft 1 fit into the axis-directional 

grooves 5, 6 of the female shaft 2, whereby the male 
shaft 1 and the female shaft 2 can transfer torque 
and can perform a role of a fail-safe function. 

Further, on this occasion, since the gaps are 

25 provided between the axis-directional grooves 5, 6 
and the protruded portions 14, the driver can feel 
the great backlash through on the steering wheel, and 
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can percept a fault etc in the steering system. 

Moreover, the protruded portions 14 are aligned 
in the axis -direct ion with the spherical members 7 
and the cylindrical members 8 and therefore perform a 
5 role as the stopper for regulating the axis- 
directional movements of the spherical members 7 and 
the cylindrical members 8, thereby reducing a 
possibility that the spherical members 7 and the 
cylindrical members 8 might come off and enabling the 

10 fail-safe function to be further improved. 

Furthermore, the protruded portions 14 are 
aligned in the axis - direct ion with the spherical 
members 7 and the cylindrical members 8, and it is 
therefore feasible to attain a compact configuration 

15 by reducing diameter-directional dimensions of the 
male shaft 1 and the female shaft 2. 

Moreover, a lubricating agent may be applied 
over between the axis -directional groove 3 of the 
male shaft 1, the axis -directional groove 5 of the 

20 female shaft 2, the plate spring 9 and the spherical 
member 7. Further, the lubricating agent may also be 
applied over between the axis -directional groove 4 of 
the male shaft 1, and cylindrical member 8 and the 
axis -directional groove 6 of the female shaft 2. 

25 In the thus - constructed telescopic shaft, the 

spherical members 7 are interposed between the male 
shaft 1 and the female shaft 2, and the plate spring 
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9 preloads the spherical member 7 against the female 
shaft 2 to such an extent as not to cause the 
backlash. It is therefore possible to, when not 
transferring the torque, surely prevent the backlash 
5 between the male shaft 1 and the female shaft 2, and 
the male shaft 1 and the female shaft 2, when making 
the relative movements in the axis-direction, can 
slide with a slide load stably without causing any 
backlash . 

10 When transferring the torque, the plate springs 

9 elastically deform and restrict the spherical 
members 7 in the peripheral direction, and the three 
lines of cylindrical members 8 interposed between the 
male shaft 1 and the female shaft 2 perform the 

15 principal role of transferring the torque. 

For instance, when the torque is inputted from 
the male shaft 1, at an initial stage, there is no 
backlash because of being preloaded by the plate 
springs 9, and the plate springs 9 generate reaction 

20 against the torque, thus transferring the torque. The 
whole torques are transferred in a state where the 
transmission torque between the male shaft 1, the 
plate springs 9, the spherical members 7 and the 
female shaft 2 is equilibrated with an input torque. 

25 When the torque further increases , gaps in a 

rotating direction between the male shaft 1 and the 
female shaft 2 via the cylindrical members 8 
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disappear, and the increased amount of torque is 
thereafter transferred by the cylindrical members 8 
through the male shaft 1 and the female shaft 2. 
Hence, it is feasible to surely prevent the backlash 
5 in the rotating direction between the male shaft 1 

and the female shaft 2 and to transfer the torque in 
the state exhibiting the high rigidity. 

From the construction explained so far, 
according to the first embodiment, the cylindrical 

10 members 8 are provided other than the spherical 

members 7, and therefore, when inputting the great 
torque, a large proportion of the load quantity can 
be sustained by the cylindrical members 8. 
Accordingly, durability can be improved by decreasing 

15 the contact pressure between the axis -direct ional 
grooves 5 of the female shaft 2 and the spherical 
members 7, and, when with the large torque-load, the 
torque can be transferred in the high-rigidity state. 
Further, as the cylindrical members 8 abut on 

20 the male shaft 1 and the female shaft 2, the 

torsional torque upon the spherical members 7 is 
reduced, a lateral slide of the plate springs 9 is 
restrained, and, as a result, an excess of hysteresis 
can be restrained. 

25 Thus, according to the first embodiment, the 

stable slide load can be actualized, and the torque 
can be transferred in the high-rigidity state by 
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surely preventing the backlash in the rotating 
direction . 

It is to be noted that the spherical members 7 
be preferably rigid balls. It is also preferable 
5 that the rigid cylindrical members 8 be needle 
rollers . 

The cylindrical member 8 (which will hereinafter 
be referred to as the needle roller) 8 receives the 
load in line contact, and therefore has a variety of 

10 effects such as restraining the contact pressure 

lower than by the ball receiving the load in point 
contact. Accordingly, the following items are 
superior to the case of taking an all-line ball 
rolling structure . 

15 ■ An attenuation effect at the slide portion is 

greater than in the ball rolling structure. Hence, 
vibration absorbing performance is high. 

• The needle roller 8 is brought into micro- 
contact with the male shaft and the female shaft, and 

20 hence an amplitude of a slide load fluctuation can be 
restrained low, whereby vibrations due to this 
fluctuation are not transferred up to the steering. 

• If the same amount of torque is transferred, 
the contact pressure can be restrained lower by the 

25 needle roller, and therefore the space can be 

utilized effectively by enabling the length in the 
axis-direction to be shortened. 
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• If the same amount of torque is transferred, 
the contact pressure can be restrained lower by the 
needle roller, and hence there is no necessity for an 
additional process for hardening the surface of the 

5 axis-directional groove of the female shaft by 
thermal treatment etc . 

• The number of components can be decreased. 
•An assembling property can be enhanced. 
•An assembly cost can be restrained. 

10 As described above, the needle roller performs 

the key role for transferring the torque to between 
the male shaft 1 and the female shaft 2, and gets the 
slide-contact with the inner peripheral surface of 
the female shaft 2. The following are excellent 

15 points of the needle roller as compared with the 
conventional spline-fitting . 

• The needle roller is a product of mass- 
production and is therefore extremely low of cost. 

• The needle roller is polished after the thermal 
20 treatment and is therefore high of surface hardness 

and is excellent of resistance of abrasion. 

• The needle roller has been polished and is 
therefore fine of surface roughness and is low of a 
coefficient of friction at the sliding time, thereby 

25 enabling the slide load to be restrained low. 

• A length and layout of the needle roller can be 
changed depending on a usage condition, and 
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consequently the needle roller is flexible to a 
variety of applications without changing the design 
concept . 

* A case where the coefficient of friction at the 
5 sliding time must be further decreased, might arise 

depending the usage condition. At this time, the 
slide characteristic can be changed simply by 
executing the surface treatment upon only the needle 
roller, and hence the needle roller is flexible to 
10 the variety of applications without changing the 
design concept . 

• The needle rollers each having a different 
outer diameter can be manufactured on the unit of 
several microns at a low cost, whereby gaps between 

15 the male shaft and the needle roller and between the 
needle roller and the female shaft can be minimized 
by selecting the diameter of the needle roller. 
Hence, the rigidity of the shaft in the torsional 
direction can be easily improved. 

20 Further, the plate springs 9 each includes, on 

the right and left sides, respectively, the pair of 
spherical member sided contact portions 9a abutting 
at the two points on the spherical members 7 , the 
pair of groove surface sided contact portions 9b 

25 spaced away at the predetermined interval 

substantially in the peripheral direction from the 
spherical member sided contact portions 9a and 
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abutting on the flat side surfaces 3a of the axis- 
directional groove 3 of the male shaft 1, the pair of 
biasing portions 9c biasing elastically the spherical 
member sided contact portions 9a and the groove 
5 surface sided contact portions 9b in the direction of 
separating the portions 9a, 9b from each other, and 
the pair of bottom portions 9d in the face-to-face 
relationship with the bottom surface 3b of the axis- 
directional groove 3. 

10 This biasing portion 9c takes substantially the 

U- shape, wherein its bottom portion is bent 
substantially in the circular arc shape. This 
biasing portion 9c taking the bent shape can 
elastically bias the spherical member sided contact 

15 portion 9a and the groove surface sided contact 

portion 9b so as to be separated away from each other. 
Accordingly, the plate spring 9, with its spherical 
member sided contact portion 9a being able to become 
flexural sufficiently through the biasing portion 9b, 

20 can ensure a sufficient amount of flexure. 

Now, according to the first embodiment, as shown 
in FIGS. 3 and 4A, the spherical member sided contact 
portions 9a of the plate spring abutting on the 
spherical member 7 have the high surface hardness 

25 (desirably equal to or higher than HRC40), and other 
portions (i.e., the groove surface sided contact 
portions 9b, the biasing portion 9c and the bottom 
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portion 9d) are set low of their surface hardness 
(desirably equal to or lower than HRC30 ) . Note that 
the spherical member sided contact portions 9a having 
the high surface hardness are, in FIG. 4A, a pair of 
5 flat and rectangular portions extending in the axis- 
direction and exhibiting, as a matter of course, the 
bilateral symmetry . 

With this configuration, the spherical member 
sided contact portions 9a abutting on the spherical 

10 member 7 are rigid and are therefore capable of 
sufficiently bearing the stress occurred at the 
contact points with the spherical member 7 . 

By contrast, the portions exhibiting the low 
surface hardness are easy to become flexural when 

15 receiving the displacement, thereby making it 

possible to prevent occurrence of an excessive stress 
at the contact points with the spherical member 7. 

Namely, providing the difference in degree of 
hardness (rigidity) aims at taking a balance between 

20 the surface pressure (stress) at the contact points 
and the preload occurred at the biasing portions 9c. 
If using the conventional integral molding product 
and the plate spring having the uniform plate 
thickness, the balance therebetween is extremely hard 

25 to take. It should be noted that the embodiment, 

which will hereinafter be exemplified, is a structure 
invented entirely for taking this balance. 
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In the first embodiment, for thus taking the 
preload balance of the plate spring 9, the rigidity 
of the spherical member sided contact portions 9a of 
the plate spring 9 is set higher than the rigidity of 
5 the groove surface sided contact portions 9b. 

From what has been discussed above, according to 
the first embodiment, the plate spring 9 is provided 
with the space between the spherical member sided 
contact portion 9a abutting on the spherical member 7 

10 and the groove surface sided contact portion 9b 

abutting on the axis -direct ional groove 3, and the 
elastic connection is established therebetween. With 
this contrivance, when setting, the stress occurred 
at the contact portion of the plate spring 9 with the 

15 spherical member 7 can be reduced, and the desired 
preload performance can be acquired over a long 
period of time by preventing a permanent strain of 
the plate spring 9 due to permanent deformation. 

Furthermore, the plate spring 9 is capable of 

20 ensuring the sufficient amount of flexure, and the 
excessive load (stress) is applied to neither the 
spherical member 7 nor the plate spring 9, and hence, 
when transferring the torque, it is feasible to 
decrease the stress occurred at the contact point 

25 between the spherical member 7 and the plate spring 9, 
whereby the preload performance can be maintained by 
preventing the [permanent strain] due to the 



• t 

27 

permanent deformation without causing the high stress. 

Moreover, owing to the contact points with the 
spherical member 7 , firmly, the portions exhibiting 
the spring property are set easy to get flexural, 
5 thus making it compatible for the single member to 
have the race surfaces and the spring property. 
Further, the structure in the first embodiment is 
that the cylindrical members 8 mainly transfer the 
torque, and therefore a further excessive stress is 

10 not occurred among the male shaft 1, the female shaft 
2, the plate springs 9 and the spherical members 7. 

Accordingly, the permanent strain of the plate 
spring 9 is prevented by hindering the occurrence of 
the excessive stress on the plate spring 9, thereby 

15 enabling the desired preload performance to be 

maintained over the long period of time. In addition, 
the dimensional accuracy is not required to be 
strictly managed, and the plate spring 9 and the race 
portion can be made from the single material, thereby 

20 making it feasible to reduce the manufacturing cost 
in a way that facilitates the assembling. 

Next, FIG. 4B is a perspective view of the plate 
spring 9 according to a first modified example of the 
first embodiment. 

25 According to the first modified example, the 

biasing portions 9c defined as the curled portions of 
the plate spring 9 each is formed with a plurality of 
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holes 21, aligned in the axis-direction, for 
decreasing the biasing force, thus making it easy for 
the plate spring 9 to become flexural. 

With this arrangement, none of the excessive 
5 stress is applied to the contact points with the 

spherical member 7. Namely, when the torque load is 
applied, the spherical member 7 relatively moves in 
the rotating direction, however, at this time, the 
biasing portion 9c as the curled portion is set easy 

10 to become flexural, so that the excessive stress is 
not applied to the contact point with the spherical 
member 7. Note that the surface hardness may be, 
even when uniform on the whole, partially changed as 
in the first embodiment. 

15 Next, FIG. 4C is a perspective view of the plate 

spring according to a second modified example of the 
first embodiment. 

A bent R-portion at the root of the plate spring 
9 , which is formed between the spherical member sided 

20 contact portion 9a and the bottom surface 9d, is 

formed with a plurality of holes 22, aligned in the 
axis -direction , for decreasing the biasing force, 
thereby making it easy for the plate spring 9 to get 
flexural . 

25 With this contrivance, none of the excessive 

stress is applied to the contact points with the 
spherical member 7. Namely, before the torque load 
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is applied (at which time the stress occurs at the 
contact points of the plate spring 9 due to the 
preload generated by assembling) , as the portion 
formed with the hole 22 in the bent R-portion of the 
5 plate spring 9 is easy to become flexural, none of 

the excessive stress is applied to the contact points 
of the plate spring 9 with the spherical member 7 
when assembled. Note that the surface hardness may 
be, even when uniform on the whole, partially changed 
10 as in the first embodiment. 

( Second Embodiment ) 

FIG. 5 is a cross sectional view taken along the 
line X-X in FIG. 2, showing the telescopic shaft for 
the vehicle steering according to a second embodiment 
15 of the present invention. 

FIG. 6A is a perspective view of the plate 
spring according to the second embodiment. FIG. 6B 
is a perspective view of the plate spring according 
to a first modified example of the second embodiment. 
20 FIG. 6C is a perspective view of the plate spring 

according to a second modified example of the second 
embodiment . 

As shown in FIGS. 5 and 6A, according to the 
second embodiment, as compared with the first 
25 embodiment, the plate thickness of the spherical 
member sided contact portion 9a abutting on the 
spherical member 7 is set thicker than a plate 



30 



thickness of a portion extending from the groove 
surface sided contact portion 9b to the biasing 
portion 9c. Thus, according to the second embodiment, 
the preload balance described above is taken in a way 
5 that differentiates the rigidities of the spherical 
member sided contact portions 9a and the groove 
surface sided contact portions 9b of the plate spring 
9 from each other by giving a difference in the plate 
thicknesses between these two portions 9a and 9b. 

10 Note that the surface hardness may be, even when 
uniform on the whole, partially changed as in the 
first embodiment . 

From what has been discussed above, according 
to the second embodiment, the plate springs 9 are 

15 capable of ensuring the sufficient amount of flexure, 
with the excessive load (stress) being applied to 
neither the spherical members 7 nor the plate springs 
9, and, when transferring the torque, the stress 
occurred at the contact portion between the spherical 

20 members 7 and the plate springs 9 can be reduced. 

With this contrivance, the high stress does not occur, 
and the preload performance can be maintained over a 
long period of time by preventing the [permanent 
strain] due to the permanent deformation. 

25 Moreover, owing to the contact points with the 

spherical members 7, firmly, the portions exhibiting 
the spring property are set easy to get flexural, 
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thus making it compatible for the single member to 
have the race surface and the spring property. 

Accordingly, the permanent strain of the plate 
spring 9 is prevented by hindering the occurrence of 
5 the excessive stress on the plate spring 9, thereby 
enabling the desired preload performance to be 
maintained over the long period of time. In addition, 
the dimensional accuracy is not required to be 
strictly managed, and the plate spring 9 and the race 

10 portion can be made from the single material, thereby 
making it feasible to reduce the manufacturing cost 
in a way that facilitates the assembling. 

Next, FIG. 6B is a perspective view of the plate 
spring according to a first modified example of the 

15 second embodiment. According to the first modified 
example, the curled portions as the biasing portions 
9c of the plate spring 9 each is formed with a 
plurality of holes 21, aligned in the axis-direction, 
for decreasing the biasing force, thus making it easy 

20 for the plate spring 9 to become flexural. With this 
arrangement, none of the excessive stress is applied 
to the contact point with the spherical member 7 . 
Namely, when the torque load is applied, the 
spherical members 7 relatively move in the rotating 

25 direction, however, at this time, the biasing 

portions 9c (the curled portions) are set easy to 
become flexural, so that the excessive stress is not 
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applied to the contact points with the spherical 
members 7. Note that the surface hardness may be, 
even when uniform on the whole, partially changed as 
in the first embodiment. 
5 Next, FIG. 6C is a perspective view of the plate 

spring according to a second modified example of the 
second embodiment. A bent R-portion at the root of 
the plate spring 9, which is formed between the 
spherical member sided contact portion 9a and the 

10 bottom surface 9d, is formed with a plurality of 
holes 22, aligned in the axis-direction, for 
decreasing the biasing force, thereby making it easy 
for the plate spring 9 to get flexural. With this 
contrivance, none of the excessive stress is applied 

15 to the contact points with the spherical member 7. 

Namely, before the torque load is applied (at which 
time the stress occurs at the contact point of the 
plate spring 9 due to the preload generated by 
assembling), as the portion formed with the hole 22 

20 in the bent R-portion of the plate spring 9 is easy 
to become flexural, none of the excessive stress is 
applied to the contact points of the plate spring 9 
with the spherical member 7 when assembled. Note 
that the surface hardness may be, even when uniform 

25 on the whole, partially changed as in the first 
embodiment . 

( Third Embodiment ) 
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FIG. 7 is a cross sectional view taken along the 
line X-X in FIG. 2, showing the telescopic shaft for 
the vehicle steering according to a third embodiment 
of the present invention. 
5 FIG. 8A is a perspective view of the plate 

spring according to the third embodiment. FIG. 8B is 
a perspective view of the plate spring according to a 
first modified example of the third embodiment. FIG. 
8C is a perspective view of the plate spring 
10 according to a second modified example of the third 
embodiment . 

As illustrated in FIGS. 7 and 8, according to 
the third embodiment, as compared with the first 
embodiment, the spherical member sided contact 

15 portions 9a abutting on the spherical member 7 each 
is formed substantially in the circular arc shape. 
With this configuration, the contact surface pressure 
can be made lower than in the plane shape. According 
to the third embodiment, the spherical member sided 

20 contact portions 9a abutting on the spherical member 
7 each is formed substantially in the circular arc 
shape and is therefore set higher than the groove 
surface sided contact portion 9b taking substantially 
the plane shape. Note that the surface hardness may 

25 be, even when uniform on the whole, partially changed 
as in the first embodiment. 

From what has been discussed above, according to 
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the third embodiment , the plate spring 9 is capable 
of ensuring the sufficient amount of flexure, with 
the excessive load (stress) being applied to neither 
the spherical member 7 nor the plate spring 9, and, 
5 when transferring the torque, the stress occurred at 
the contact portions between the spherical member 7 
and the plate spring 9 can be reduced. With this 
contrivance, the high stress does not occur, and the 
preload performance can be maintained over a long 

10 period of time by preventing the [permanent strain] 
due to the permanent deformation. 

Moreover, the contact points with the spherical 
member 7, the portions exhibiting the spring property 
firmly are set easy to get flexural, thus making it 

15 compatible for the single member to have the race 
surface and the spring property. 

Accordingly, the permanent strain of the plate 
spring 9 is prevented by hindering the occurrence of 
the excessive stress on the plate spring 9, thereby 

20 enabling the desired preload performance to be 

maintained over the long period of time. In addition, 
the dimensional accuracy is not required to be 
strictly managed, and the plate spring 9 and the race 
portion can be made from the single material, thereby 

25 making it feasible to reduce the manufacturing cost 
in a way that facilitates the assembling. 

Next, FIG. 8B is a perspective view of the plate 



spring according to a first modified example of the 
third embodiment. According to the first modified 
example, the curled portion as the biasing portion 9c 
of the plate spring 9 is formed with a plurality of 
holes 21, aligned in the axis -direction , for 
decreasing the biasing force, thus making it easy for 
the plate spring 9 to become flexural. With this 
arrangement, none of the excessive stress is applied 
to the contact point with the spherical member 7 . 
Namely, when the torque load is applied, the 
spherical member 7 relatively moves in the rotating 
direction, however, at this time, the biasing portion 
9c (the curled portion) is set easy to become 
flexural, so that the excessive stress is not applied 
to the contact point with the spherical member 7. 
Note that the surface hardness may be, even when 
uniform on the whole, partially changed as in the 
first embodiment. 

Next, FIG. 8C is a perspective view of the plate 
spring according to a second modified example of the 
third embodiment. A bent R-portion at the root of 
the plate spring 9, which is formed between the 
spherical member sided contact portion 9a and the 
bottom surface 9d, is formed with a plurality of 
holes 22, aligned in the axis-direction, for 
decreasing the biasing force, thereby making it easy 
for the plate spring 9 to get flexural. With this 
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contrivance, none of the excessive stress is applied 
to the contact points with the spherical member 7. 
Namely, before the torque load is applied (at which 
time the stress occurs at the contact points of the 
5 plate spring 9 due to the preload generated by 

assembling) , as the portion formed with the hole 22 
in the bent R-portion of the plate spring 9 is easy 
to become flexural, none of the excessive stress is 
applied to the contact points of the plate spring 9 

10 with the spherical member 7 when assembled. Note 

that the surface hardness may be, even when uniform 
on the whole, partially changed as in the first 
embodiment . 

( Fourth Embodiment ) 

15 FIG. 9 is a cross sectional view taken along the 

line X-X in FIG. 2, showing the telescopic shaft for 
the vehicle steering according to a fourth embodiment 
of the present invention. 

FIG. 10A is a perspective view of the plate 

20 spring according to the fourth embodiment. FIG. 10B 
is a perspective view of the plate spring according 
to a first modified example of the fourth embodiment. 
FIG. 10C is a perspective view of the plate spring 
according to a second modified example of the fourth 

25 embodiment . 

As shown in FIGS. 9 and 10A, according to the 
fourth embodiment, as compared with the first 
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embodiment, the plate thickness of the spherical 
member sided contact portion 9a abutting on the 
spherical member 7 is set thicker than a plate 
thickness of a portion extending from the groove 
5 surface sided contact portion 9b to the biasing 

portion 9c, and the surface abutting on the spherical 
member 7 is formed substantially in the circular arc 
shape. With this arrangement, the contact surface 
pressure with the spherical member 7 can be made 

10 lower than in the plane shape. Note that the surface 
hardness may be, even when uniform on the whole, 
partially changed as in the first embodiment. 

From what has been discussed above, according 
to the fourth embodiment, the plate spring 9 is 

15 capable of ensuring the sufficient amount of flexure, 
with the excessive load (stress) being applied to 
neither the spherical member 7 nor the plate spring 9, 
and, when transferring the torque, the stress 
occurred at the contact portion between the spherical 

20 member 7 and the plate spring 9 can be reduced. With 
this contrivance, the high stress does not occur, and 
the preload performance can be maintained over a long 
period of time by preventing the [permanent strain] 
due to the permanent deformation. 

25 Moreover, the contact points with the spherical 

member 7, that is, the portions exhibiting the spring 
property firmly are set easy to get flexural, thus 
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making it compatible for the single member to have 
the race surface and the spring property. 

Accordingly, the permanent strain of the plate 
spring 9 is prevented by hindering the occurrence of 
5 the excessive stress on the plate spring 9, thereby 
enabling the desired preload performance to be 
maintained over the long period of time. In addition 
the dimensional accuracy is not required to be 
strictly managed, and the plate spring 9 and the race 

10 portion can be made from the single material, thereby 
making it feasible to reduce the manufacturing cost 
in a way that facilitates the assembling. 

Next, FIG. 10B is a perspective view of the 
plate spring according to a first modified example of 

15 the fourth embodiment. According to the first 

modified example, the curled portions as the biasing 
portions 9c of the plate spring 9 each is formed with 
a plurality of holes 21, aligned in the axis- 
direction, for decreasing the biasing force, thus 

20 making it easy for the plate springs 9 to become 
flexural. With this arrangement, none of the 
excessive stress is applied to the contact points 
with the spherical member 7. Namely, when the torque 
load is applied, the spherical members 7 relatively 

25 move in the rotating direction, however, at this time 
the biasing portions 9c are set easy to become 
flexural, so that the excessive stress is not applied 
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to the contact point with the spherical member 7. 
Note that the surface hardness may be, even when 
uniform on the whole, partially changed as in the 
first embodiment. 
5 Next, FIG. IOC is a perspective view of the 

plate spring according to a second modified example 
of the fourth embodiment. A bent R-portion at the 
root of the plate spring 9, which is formed between 
the spherical member sided contact portion 9a and the 

10 bottom surface 9d, is formed with a plurality of 
holes 22, aligned in the axis -direction , for 
decreasing the biasing force, thereby making it easy 
for the plate spring 9 to get flexural. With this 
contrivance, none of the excessive stress is applied 

15 to the contact points with the spherical member 7. 

Namely, before the torque load is applied (at which 
time the stress occurs at the contact points of the 
plate spring 9 due to the preload generated by 
assembling) , as the portion formed with the hole 22 

20 in the bent R-portion of the plate spring 9 is easy 
to become flexural, none of the excessive stress is 
applied to the contact points of the plate spring 9 
with the spherical member 7 when assembled. Note 
that the surface hardness may be, even when uniform 

25 on the whole, partially changed as in the first 
embodiment . 

It should be noted that the present invention is 
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not limited to the embodiments discussed above and 
can be modified in a variety of forms. 

As explained above, the elastic members each is 
provided with the space between the transferring 
5 member sided contact portion abutting on the first 
torque transferring member and the groove surface 
sided contact portion abutting on the axis- 
directional groove, and the elastic connection is 
established therebetween. With this contrivance, when 

10 setting, the stress occurred at the contact portion 
between the first torque transferring member and the 
elastic member can be reduced, and the desired 
preload performance can be acquired over the long 
period of time by preventing the permanent strain of 

15 the elastic member due to the permanent deformation. 

Furthermore, the elastic member is capable of 
ensuring the sufficient amount of flexure, and the 
excessive load (stress) is applied to neither the 
first torque transferring member nor the elastic 

20 member, and hence, when transferring the torque, it 
is feasible to decrease the stress occurred at the 
contact point between the first torque transferring 
member and the elastic member, whereby the preload 
performance can be maintained over the long period of 

25 time by preventing the [permanent strain] due to the 
permanent deformation without causing the high stress 
without causing high stress. 
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Moreover, the contact point with the spherical 
member 7 , the portion exhibiting the spring property 
firmly, is set easy to get flexural, thus making it 
compatible for the single member to have the race 
5 surface and the spring property. Further, the 

structure in the fourth embodiment is that the second 
torque transferring member mainly transfers the 
torque, and therefore a further excessive stress is 
not occurred among the male shaft, the female shaft, 
10 the elastic members and the first torque transferring 
members . 

Accordingly, the permanent strain of the elastic 
member is prevented by hindering the occurrence of 
the excessive stress on the elastic members, thereby 

15 enabling the desired preload performance to be 

maintained over the long period of time. In addition, 
the dimensional accuracy is not required to be 
strictly managed, and the elastic members and the 
race portions can be made from the single material, 

20 thereby making it feasible to reduce the 

manufacturing cost in a way that facilitates the 
assembling . 



